We analyzed the particle size distribution of 46 samples from Integrated Ocean Drilling Program (IODP) Expedition 319 Hole C0009A in the Kumano Basin of the Nankai Trough. Using Shepard's classification, we found that most samples fall into the clayey-silt classification. Clayey-silt is composed of 35%-88% siltsize particles, 11%-38% clay-size particles, and <20% sand-sized particles by weight. However, six samples contain more sandsized particles and thus fall into either the sandy-silt or silty-sand category according to Shepard's classification. Samples at Site C0009 were analyzed over a depth range of 1529-1591 meters below seafloor using the wet-sieve and hydrometer methods.
Introduction
The Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) is a coordinated, multiexpedition drilling project designed to investigate fault slip behavior and the mechanics of seismogenesis along a subduction megathrust fault system through direct sampling, in situ measurements, and long-term monitoring associated with laboratory and numerical modeling studies (Saffer et al., 2009) . As part of the NanTroSEIZE program, operations during Integrated Ocean Drilling Program (IODP) Expedition 319 included riser and riserless drilling, analyses of cuttings and core samples, downhole measurements and logging, observatory operations, and casing. Two sites were drilled during Expedition 319: Site C0009 in the Kumano forearc basin and Site C0010 across a major splay fault (termed the "megasplay") that bounds the seaward edge of the forearc basin near its updip terminus. We analyze the grain size of samples from Site C0009, which is located at the northern edge of the 3-D seismic volume acquired in 2006 (Fig.  F1) .
provide a useful constraint to understand how lithology impacts physical properties (e.g., permeability, compressibility, and porosity) and may assist in interpreting the paleogeographic evolution of the Kumano Basin. Our procedure and results are presented below (Tables T1, T2) . A nomenclature table is included (Table T3) .
Methods
To create a depth profile of particle sizes at Site C0009, we analyzed the particle size distribution of a total of 46 samples. The samples were primarily from 10 cm 3 plug samples taken shipboard. The wet-sieve and hydrometer techniques were used, which generated particle size distributions for each sample. The procedure used at the University of Texas at Austin (USA) for this study is described below. It is slightly modified from that used in Sawyer et al. (2008) . This procedure is internationally recognized as a standard in the American Standard for Testing and Materials (ASTM International, 2007) and in the British Standard Institution (British Standard Institution, 1990) . These size distributions were binned into sand, silt, and clay percentages for each sample. We used a clay-silt-sand ternary diagram using the Shepard classification (Shepard, 1954) to classify the samples. Germaine and Germaine (2009) discuss hydrometer analysis and the physical principles of sedimentation. The terminal velocity at which spherical particles settle through a column of fluid can be described by Stokes' law (Craig, 1992 ). Stoke's law assumes that particles are (1) rigid, spherical, and smooth; (2) of similar density; (3) separated from each other; (4) do not interact during sedimentation; and (5) are large enough that Brownian motion does not control settlement. This approach is applicable for particle sizes ranging from 0.0002 to 0.1 mm (Germaine and Germaine, 2009 ). The general approach is to mix the sediment into a suspension and then allow sedimentation while measuring the density of the suspended sediment at a specific depth.
Principles of hydrometer analysis
The diameter of the largest particle in suspension (D) is ,
where D = diameter of the particle (cm), µ = viscosity of water (g/[cm·s]), G s = specific gravity of sediment (dimensionless), ρ w = water density (g/cm 3 ), g = force of gravity (cm/s 2 ), L = distance the particle falls (cm), and t = time for fall (s).
The percent finer material (N) at reading m is ,
where N m = percent finer material at reading m (%), G s = the specific gravity of sediment (dimensionless), V = volume of suspension (mm 3 ), M D = dry solid mass of hydrometer specimen (g), R m = hydrometer reading in suspension at time (t) and temperature, T (dimensionless), R w,m = hydrometer reading in water with dispersant at the same temperature as for R m (dimensionless), and m = reading number.
Samples
We analyzed 46 samples distributed across the interval between 1529 and 1591 mbsf. We analyzed samples with a wet mass between 25 and 45 g because it was determined that a mass <25 g produced inaccurate results.
Sample preparation
Samples were first manually disaggregated using a mortar and pestle. After recording the wet mass, the wet sample was mixed with 5 g of dispersing agent (sodium hexametaphosphate) and ~200 mL of deionized water and allowed to sit for 24-48 h. The mixture was further disaggregated for 1 min using a Hamilton-Beach malt mixer (ASTM International, 2007) .
Once the sample was mixed, the slurry was washed through a 63 µm sieve with deionized water and a spatula. Material that was unable to pass through the sieve was dried at 110°C. The sample was then cooled and weighed to determine the percentage of sand for each sample.
The material that passed through the sieve was placed in a 1000 mL plastic cylinder and deionized
water was added to create a total volume of 1000 mL. Five to six cylinders were usually tested at one time.
Hydrometer analysis
The prepared suspension was mixed thoroughly with a plunging rod for 1 min. The removal of the plunging rod marked the beginning of the sedimentation process. Two sets of hydrometer readings were obtained for the first 2 min (each at 15, 30, 60, 90, and 120 s) of sedimentation with the hydrometer remaining in the suspension. The hydrometer was then removed, rinsed and wiped dry. Readings were then taken at larger increments of time (4, 8, 16, 32, 64, etc., minutes) , with the hydrometer being inserted and removed right before and after the time mark, until the largest particle in solution (Equation 1) was >0.002 m (the clay/silt boundary assumed). The temperature in the laboratory was monitored with a thermometer in a cylinder filled with deionized water and salt. At the end of the experiment, the slurry was poured into an evaporating dish and dried in an oven at 110°C to obtain the final dry mass of sediment and dispersing agent.
The hydrometer has to be calibrated prior to testing to obtain information for three factors: the meniscus rise, the effective reading depth for any particular reading, and the changes in fluid density with temperature and dispersing agent (Germaine and Germaine, 2009 ). For the effective reading depth (L), two relationships are required: one for situations when the hydrometer remains in the suspension continuously and one for situations when the hydrometer is inserted for the reading (Germaine and Germaine, 2009 ). For times ≤2 min, the effective reading depth (L) is described by , (3) where L = effective reading depth for situations when the hydrometer remains in the suspension continuously (cm), H r,1 and H r,2 = dimension between the center of buoyancy and readings R h,1 and R h,2 on the hydrometer (cm), R h = hydrometer reading in suspension (g/L) at time (t) and temperature (T), and c mr = meniscus correction in units of specific gravity (dimensionless).
For times <2 min, an immersion correction (V h /2A) was applied to the readings to account for the fact that the insertion of the hydrometer into the suspension stretches the column of fluid:
, (4) where L = effective reading depth for situations when the hydrometer is inserted before individual readings (cm) V h = volume of hydrometer bulb up to the base of the stem (cm 3 ), and A = cross-section area of cylinder (cm 2 ).
Grain densities were not measured on the samples that we performed grain size analysis on. Instead, density was estimated from shipboard moisture and density (MAD) measurements. These measurements ranged between 2.42 and 3.01 g/cm 3 ( Table T2) . We used the average of two or three MAD grain density measurements take near the depths of the sample that we performed grain size analysis on.
Results
Particle size distribution curves were created for all 46 samples. Table T1 gives the sand, silt, and clay percentages calculated using the hydrometer analysis. Figures F2 and F3 show an example data sheet and plot for our hydrometer analysis (see GRAINSIZ in "Supplementary material" for similar graphs for each sample). Figure F4 shows a particle distribution graph showing depth versus grain density and weight percent clay. Because we did not measure the density of the actual grain size samples, we determined an error resulting from using MAD density values from depths that are close to the depth of the grain size samples. To test the error in our grain density, we present the data using three constant grain density values. We calculated all grain size distributions to have a grain density of 2.7 g/cm 3 as an average specific gravity. We then altered all 46 samples to have a specific gravity of 2.6 and 2.8. The fraction of clay present varied only ±0.8% compared to the grain size distribution with a specific gravity of 2.7. This demonstrates that variation in grain density over a reasonable range has a small effect on the interpreted grain size distribution.
Using the ternary diagram in Figure F5 , we plot the sand, silt, and clay percentages for all 46 samples. Nearly all samples are within the clayey-silt field with a few scattered sandy-silts, silty-sands, and sands. The samples are more clay rich in the upper-
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The downcore profile for sand, silt, and clay against gamma ray, spontaneous potential, resistivity, lithology, and core information is shown in Figure F6 .
Reproducibility
We used excess material from the samples to run a repeat experiment of Sample 319-C0009A-5R-1W, 126.0-129.5 cm. We conducted one test where multiple hydrometer runs were taken on a single sample. The initial masses of the samples were varied (37.52 and 31.61 g) (Fig. F7) .
The particle size distribution curves generally match each other with only minor variation in two parts (Fig. F7) . This deviation can be explained by recognizing the material was not homogenized. They were taken from the same core, interval, and depth, but were separated into two packages. We assume therefore that our methods are reproducible. Figure F1 . Map of study area showing drill sites, Sites C0009 and C0010 (green diamonds) (modified from Saffer et al., 2009 ). Red circles = NanTroSEIZE Stage 1 sites, black box = location of 3-D reflection data acquisition in 2006, yellow arrows = vectors estimated far-field between Philippine Sea plate and Japan (Heki, 2007; Seno, 1993) , stars = large earthquakes in the past. Figure F3 . Sample particle size distribution plotted on a semilog scale, Site C0009. Black circles = hydrometer readings, diamond = sand fraction from wet sieving through 63 µm sieve. The sand/silt boundary is defined at 63 µm and the silt/clay boundary is defined at 2 µm. See GRAINSIZ in "Supplementary material" for test results. 
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Proc. IODP | Volume 319 8 Figure F4 . Grain density and clay fraction vs. depth for all measured samples, Site C0009. A. Grain density measured by shipboard scientists (Table T2 ). B. Grain density used for analyses, determined by averaging two or three MAD grain density measurements. C. Clay fractions determined from hydrometer analyses using grain density shown in B. Gray = clay fraction, white = silt and sand fraction. Positive and negative error bars in clay fraction are determined from using grain density values of 2.6 and 2.8 g/cm 3 relative to 2.7 g/cm 3 in the clay fraction calculation, respectively.
Clay (wt%)
Depth ( Figure F6 . Summary plot of downhole logs and particle distribution, Site C0009. Spontaneous potential (SP), gamma ray (GR), and resistivity are wireline data. Lithologic fractions were experimentally determined by our grain size analyses of all 46 samples. Core recovered: black = actual interval of sediment retrieved by the expedition, white = gaps where no core was recovered. Each core was assigned a core number. Lithologic units were defined by shipboard sedimentologists. Figure F7 . Graph of two hydrometer tests (GS071 and GS115) on the same sample from 1547.66 mbsf to illustrate reproducibility. The initial mass of the samples also varied. Sample GS115 had a mass of 31.61 g and Sample GS071 had a mass of 37.52 g. Table T1 . Hole C0009A core summary and particle size distribution data. 
